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Abstract
This paper presents the first dataset for eye segmentation in low resolution images. Although
eye segmentation has long been a vital preprocessing step in biometric applications, this work is
the first to focus on low resolutions image that can be expected from a consumer-grade camera
under conventional human-computer interaction and/or video-chat scenarios. Existing eye data-
sets have multiple limitations, including: (a) datasets only contain high resolution images; (b)
datasets did not include enough pose variations; (c) a utility landmark ground truth did not be
provided; (d) high accurate pixel-level ground truths had not be given. Our dataset meets all
the above conditions and requirements for different segmentation methods. Besides, a baseline
experiment has been performed on our dataset to evaluate the performances of landmark mod-
els (Active Appearance Model, Ensemble Regression Tree and Supervised Descent Method) and
deep semantic segmentation models (Atrous convolutional neural network with conditional ran-
dom field). Since the novelty of our dataset is to segment the iris and the sclera areas, we evaluate
above models on sclera and iris only respectively in order to indicate the feasibility on eye-partial
segmentation tasks. In conclusion, based on our dataset, deep segmentation methods performed
better in terms of IOU-based ROC curves and it showed potential abilities on low-resolution eye
segmentation task.
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1 Introduction
Eyes not only are the most vital sensory organ but also play a crucial role in conveying
a person’s emotional state and mental wellbeing [5]. Although there have been numerous
works on blink detection [1, 8, 10], we argue that accurate segmentation of sclera and iris can
provide much more information than blinks alone, thus allowing us to study the finer details
of eye movement such as cascade, fixation and other gaze patterns. As a pre-processing
step in iris recognition, iris segmentation in high resolution expression – less frontal face
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images have been well studied by the biometric community. However, the commonly used
Hough-transform-based method [14] does not work well on low-resolution images captured
under normal human-computer interaction (HCI) and/or video-chat scenarios, when the
boundary of eyes and iris are blurry and the shape of the eye can differ greatly due to pose
variation and facial expression. To our knowledge, this work presents the first effort in solving
the eye segmentation problem under such challenging conditions.
To investigate the topic of eye segmentation in low-resolution images, the first problem
we need to address is the lack of data. Albeit both biometric community and facial analysis
community published an abundance of datasets over the years, none can be used as is for
our purpose because the former category only contains high resolution eye scans while the
latter category lacks annotation of segmentation masks for sclera and iris. Therefore, during
the course this work, we created a sizable eye segmentation dataset by manually annotating
images selected from HELEN[9], 300VW[12], CVL[11] and Columbia Gaze[13] datasets.
After establish our dataset, it is necessary to evaluate how good performances are based
on two types of ground truths. Therefore, deformable and deep segmentation models
were chosen. Active Appearance Model(AAM)[3], Ensemble Regression Tree(ERT)[7] and
Supervised Descent Method(SDM)[15] were compared with deep semantic segmentation
methods(DeepLab[2] proposed): Atrous Neural Network with Conditional Random Field
(ACNN+CRF). For deformable models, the segmentation of non-frontal faces is a big challenge
because of occlusion, shape deformation and initializations. Therefore, the deep segmentation
methods can relatively compensate this shortcoming, whose performance can be more stable
especially on non-frontal faces. Otherwise, since we also want to know performances on iris-
only and sclera-only segmentations, all models were utilized and trained by iris-background
and sclera-background data samples. Finally, all segmentation results are evaluated and
discussed based on Interaction over Union(IOU) and Receiver operating characteristic(ROC)
curves. Based on that, the model with the best performance will be considered as the
potential model in eye segmentation researches.
2 Relative Works
Image segmentation is one of the oldest computer vision problems studied by the community.
Early approaches often rely on finding edges and/or specific shapes in the image or hand-
craft feature maps. Albeit dated, this kind of simple methods are still being used for eye
segmentation as a pre-processing step for iris recognition [14]. In this case, the eye and iris
are modeled respectively, by two parabolic curves and an ellipse. The parameters of the
curves are then determined using Hough transform performed on the image’s edge map.
Because this approach is sensitive to image noise and even slight shape variation caused by
head-pose and/or facial expressions, it cannot be use for eye segmentation in images captured
by consumer-grade camera under normal HCI/video-chat conditions.
On the other hand, various sparse 2D deformable-model-based methods, such as AAM,
SDM or ERT, have shown promising results in image segmentation, and in particular, facial
landmark localization. These methods work by finding a local minimum in the parametric
space that can optimally describe the object’s shapes and appearance. Since image intensity
space contains multiple local minimums so that it is uneasy to control which local minimum
it lies on. Moreover, the optimizing process of deformable models starts with the mean shape
of object’s intensity and geometry, thus the transformation of the landmark depends on
the initialization and integrity of objects. Therefore, they share many common limitations,
including sensitivities to initialization, occlusion, and out-of-plane rotation. In [3, 15, 7], the
profile face landmark tracking is still a challenge. Thus deformable models can experienced
as a candidate in our research, but the performance can be expectedly poor to profile faces.
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Table 1 dataset statistical information.
Name Value
Total number 3161
Non-frontal faces proportion 18.35%
low-resolution image proportion 66.97%
Number of bad illumination samples 10
Number of samples with glasses 185
The methods mentioned above rely on the prior knowledges (such as the number of point,
landmark shapes or curves expressions) so that they cannot adapt variant images and head
poses of eyes (profile faces or occlusions). To lighten the influences in the wild (illuminations
and etc.) and adapt to multiple situations (tricky head poses or occlusions), more recently,
various deep learning techniques have achieved impressive results in semantic segmentation
of natural images, which is widely-used because of its better adaptability of performances in
variant environments. In particular, DeepLab[2, 4] uses atrous convolutional neural network
based on VGG-16 and ResNet-101 architectures to generate segmentation masked, refined by
a fully-connected CRF layer with mean-field approximation for fast inference. The atrous
convolutional neural network is the innovation of DeepLab in order to increase the ability of
extracting global image features. They not only reduced the computational cost but also
improved the generalization.
In previous works, there is no existed low-resolution eye dataset. However, facial datasets
provide us a good sources to obtain eye images in different illuminations and pose variations.
HELEN dataset[9] contains high resolution facial images in different situations (multi-faces,
indoor/outdoor and etc.). 300VW[12] is a low-resolution facial video dataset captured in
the wild. CVL[11] and Columbia Gaze[13] are two facial dataset technically captured in lab
environment. Although these datasets cannot be utilized directly in our research, they can
also regard as sources of our proposed dataset.
3 Data Description
We create the iBUG eye segmentation dataset by annotating a total of 3161 images selected
from HELEN[9], 300VW[12], CVL[11] and Columbia Gaze[13] datasets. The dataset contains
faces under various poses. Specifically, faces who look ahead and with slight rotations are
frontal, the others are annotated sas non-frontal faces. We primarily focus on low resolution
images, but a small number of high resolution images are also included for completeness. The
distribution of eye-patch height is illustrated in Figure 1. Note that we use eye-patch height
as a measure for image resolution because the widely-used interocular distance measure can
be easily biased by face yaw. Last but not least, the dataset contains a small number of
examples featuring partial occlusion and bad illumination. The detailed statistics can be
found in Table 1.
Some examples of the annotated images are shown in Figure 2. The first row shows the
source image and the location of the control points, while the second row visualizes the
segmentation mask. Some extra statistical information has been presented in Table 1.
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Figure 1 Height distribution of eye regions.
Figure 2 Some annotated images in our dataset.
4 Baseline Methods
In this work, we utilized deformable model-based methods (AAM, ERT and SDM) and
DeepLab proposed Atrous CNN+CRF (CGG16+CRF and ResNet101+CRF) as the baseline
method.
4.1 Landmark Models
Before we discuss details of utilizations of baseline methods, we are going to introduce
some concepts about them. AAM, ERT and SDM are deformable statistic models which
were generally used in object localization and alignment. The shape and texture will be
transformed with a specific transformation function. Assume x = {x1, x2, ..., xi} indicates
shapes of images and g = {g1, g2, ..., gi} presents textures of images. x = x̄ + Qscs and
g = ḡ + Qgcg demonstrate the transformation methods in deformable model-based methods.
Qs and Qg are matrices describing the modes of variation derived from the training set. cs
is the shape model parameter and cg is the appearance model parameter, which control the
shape and texture gradient and the transforming directions. Thus, the aim of deformable
model-based methods is to find the optimized local minimum between current image and the
mean shape.
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Figure 3 eye initialization generation.
Figure 4 Flowchart of landmark models methodology.
Since deformable model-based methods are sensitive to initialization, the accuracy of
initializations affects algorithms’ performances. To generate an appropriate initialization,
the first step is eye localization. The procedure is shown in Figure 3. Firstly, face detection
method (fast RCNN[6]) was utilized to obtain the bounding box of each faces. Secondly, a
ridge regression model was trained to predict eyes’ bounding boxes based on facial bounding
boxes. Finally, landmark models can use mean shape as initialization lying into above located
bounding boxes. The procedure flowchart of deformable model-based method is shown in
Figure 4.
4.2 Deep Segmentation Method
Atrous convolutional neural network (ACNN) effectively enlarge the field of view of filters
without increasing the number of parameters or the amount of computation[2]. The method
adds ’holes’ to the convolution filter mask to better model the relationship between distant
pixels. With our dataset, we fine-tune the ACNN network to produce the initial per-pixel
probability score map from the input eye region RGB image. Note that at this stage, the
entire eye region (which contains both left and right eyes) are fed to the ACNN. Because
the shape and orientation of left and right eyes are highly correlated, the correlation can
be learned and exploited by ACNN to produce good score map for both eyes when face is
not in a frontal position so that one eye is more blurry/smaller than the other. Since the
boundaries of the sclera and the iris were too blur to accurately be segmented, a CRF was
utilized at the end of ACNN as post-processing in order to sharp boundaries. The procedure
of the experiment is as Figure 5.
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Figure 5 Flowchart of deep model methodology.
(a) Holistic eye.
(b) Iris of eye. (c) Sclera of eye.
Figure 6 Evaluation of all models.
5 Experiments
In this section, we evaluated deformable model-based methods and deep models according
to two criteria: (a) the performance of holistic, iris-only and sclera-only segmentation; (b)
robustness through comparing performances of frontal faces and non-frontal faces. Perform-
ances of landmark and deep models are evaluated in Figure 6. It is obvious that performances
of deep models on holistic eye and iris-only segmentation were better than deformable models.
For VGG-16 and ResNet101, ResNet101 performed better than VGG16, since ResNet101
has larger size of architecture in order to gain wispy features of the eye. On the other
hand, in sclera-only segmentation, the performance of ResNet101 was relatively worse than
other methods, because the dataset we built was not big enough for large-scale ResNet101.
Meanwhile, the overfitting was happened during ResNet101 training.
According to Figure 7 in appendix, the segmentation of profile faces is worse than frontal
faces. Even so, deep segmentation models still got higher performances than deformable
models on profile faces. On another aspect, the accuracy reduction of deep models is milder
than deformable methods, which means that deep models are more robust than deformable
methods under pose variation. Theoretically, for non-frontal faces, the face shape and texture
need to be transformed further than frontal faces during predictions of deformable methods,
so that it is difficult to find optimized local minimum from image intensity space. With
inaccuracy initializations, non-frontal faces are still challenges for landmark tracking. On the
other hand, the baseline methods we utilized in this research aims to evaluate the availability
of our dataset, meanwhile, the performance of experiments provide a preliminary research on
low-resolution eye segmentation. Although methods above are widely-used and may not be
state-of-art currently, it is enough for us to present the effectiveness of our dataset. Therefore,
this research indicates: (a) eye segmentation research can reasonably work on our dataset; (b)
deep models are more potential for eye segmentation compared with deformable model-based
methods.
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6 Conclusion
In conclusion, there are two contributions in this research. Firstly, we proposed a new
dataset for low-resolution eye segmentation. Our dataset provides two types of ground truths:
30-point landmarks and pixel-level ground truth. In terms of contents, the dataset contains
frontal and non-frontal faces in low resolution of eye region, under variant illuminations
and with/without glasses. Secondly, in order to evaluate the usability of our dataset and
provide a preliminary eye segmentation investigation on low-resolution eye segmentation,
we applied deformable model-based methods (AAM, SDM and ERT) and deep semantic
segmentation models (VGG16+CRF and ResNet101+CRF) as baseline methods. According
to the ROC curves of IOU accuracy, deep models got a better robustness than deformable
methods. Moreover, especially for non-frontal faces, performances of deep models can adapt
head poses variation. Otherwise, our dataset can be utilized for iris-only and sclera-only
segmentation. Based on experiments, deep models got better performances on our dataset
as well. Therefore, this research indicates that researchers can put more efforts to use deep
segmentation methods instead of deformable model-based methods in eye segmentation task.
Otherwise, existed models did not consider the shape refinement and shape prior of the
eye, thus in future researches plugging in shape prior and post-processing shape model can
extremely improve segmentation performance.
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(a) Holistic eye of AAM (b) Iris of eye of AAM (c) Sclera of eye of AAM
(d) Holistic eye of ERT (e) Iris of eye of ERT (f) Sclera of eye of ERT
(g) Holistic eye of SDM (h) Iris of eye of SDM (i) Sclera of eye of SDM
(j) Holistic eye of VGG-16 (k) Iris of eye of VGG-16 (l) Sclera of eye of VGG-16
(m) Holistic eye of ResNet101 (n) Iris of eye of ResNet101 (o) Sclera of eye of ResNet101
Figure 7 Appendix: Robustness evaluation compared between profile and frontal faces.
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